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Introduction of Inflation 
l  Inflation paradigm is attractive 

l Solving horizon problem 
l Solving flatness problem 

l Solving GUT monopole problem 
l Producing temperature or density 
(curvature ) fluctuation with ΔT/T~10-5   

We need an e-folding number to be   

  a(t ) :  scale factor



To solve the horizon 
problem, we need Inflation	

photon→ 
ct=c/H	

   H = a(t ) /a(t ) = V / (3M
G
)



To solve the flatness 
problem, we need Inflation	

Very flat!!!	

    
Ω

k
(t ) ≡ k

a(t )2H 2
= k
a(t )2

→ 0



We need e-folding number to 
be N=50-60	
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Inflaton field produces density 
perturbation	

Potential V(φ)	

Inflaton φ	

fluctuating
いる	

ぼうちょうさせ
る	

じくうをゆらがせ
る	

０	



Observations 
l  Planck2015 satellite reported; 

l  Power spectrum of density fluctuation 

l  Spectral index  

l  Running of n(k) 

   
P
ζ
= V

24π 2m
G
ε
= (3.091 ± 0.025) ×10−5(~ ΔT /T )

   
n =

d lnP
ζ

dlnk
+1 == 1 + 2η − 6ε = 0.9639 ± 0.0047

  

dn
d lnk

= 24ε 2 −16εη − 2ξ (2) = 0.009 ± 0.010 (1σ )

n-1 ~ - 0.04	

  
M

G
= M

p
/ 8π

  ξ
(2) ≡V '''V 'm
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4 /V 2



Abstract (1/3)	
l Coleman-Weinberg conformal model is 

attractive to induce the EW phase 
transition. We need a B-L scalar to overcome 
the top Yukawa’s negative contribution to 
βλH 

<φ>　= M	
λmix is negative at	

|       |	We assume	

 
β(φ) = ∂λ(φ)

∂lnφ
> 0

  λmix
~ −10−14



Abstract (2/3)	
l Mixing term (and evenλΦ in flatland) is 

derived only by radiative corrections 

A figure  by Iso-san	

  αB−L
~ 10−7

  λmix
~ −10−14



Abstract (3/3)	
l No other scales than Planck mass (no 

hierarchy problem) 

l We have flat potentials for Higgs and B−L 
scalar φ up to the Planck scale,                            

l  or zero at Planck scale (flatland scenarios)  



Flat at Planck scale?	

  
β(h) = ∂λ(h)

∂lnh

In standard model (not included U(1)B-L scalar)	



Coleman-Weinberg potential	
l One-loop potential 

l Derivatives	
Minimum: φ　= M	

 
β(φ) = ∂λ(φ)

∂lnφ



Potential V(φ)	

V(φ)	

φ/M	

New inflation at GUT 
scales or smaller?	

 
~ λφ4Log(φ/m

pl
)



Small-field Coleman-Weinberg 
Conformal models	

Iso, KK, Shimada (2014)	



Problems in Coleman-Weinberg 
inflation	

l  Perturbation (∝　V/ε) with a potential 
V(φ) at the GUT scale is too large for 
fixed e-folding number N ~ 50 -60, due 
to the smallness of ε 

l Even if we reduces the energy scale of 
V(φ), e.g. down to TeV scale, the 
amplitude of perturbation is well fitted, 
but the spectral index  is too small, ns << 
0.94 (A new severe problem) 



Slowroll parameters	
l  1st slowroll parameter 

l 2nd slowroll parameter	

   

φ M ~ 107GeV − 1011GeV
→ ε  η



Field values  

   For φ M,  and  η ~ −0.02



Field values  
l Normalization of the perturbation at pivot  

l Parameters 

100 TeV for 
M=109GeV	



E-folding number	
l E-folding number	

l Required value 

  

N > N
CMB

= 61 + 2
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Fermion condensate	

l We need a negative linear term 

l Quark condensates and mixing between 
Higgs and φ	

  Vlinear
~ −Cφ ~

  Vlinear
~ −y < qq > h

  with H
inf

<< 100MeV

 y: Yukawa coupling	

Iso, KK, Shimada (2014)	



E-folding number	

   

y ~ 10−6,   qq ~ (100MeV)3,   C~10−5 ↔ M = 108GeV



Tensor to scalar ratio by Planck and 
BICEP/Keck + BAO	

Planck 2015 results. XX. Constraints on inflation	

Strong point: monomial 1/2m2φ2 was excluded at two sigma	



Running of Spectral Index	

  

α ≡
dn

s

d lnk
= −24ε2 + 16εη −2ξ (2)

   ~-O(10) ×O(10−2)2

   ~-O(10−3)



Running spectral index	

Iso, KK, Shimada (2014)	



What about smaller scales?	

故宮博物院	



Cosmological 21cm line 
observations	

KK, Oyama, T.Takahashi, T.Sekiguchi, 2013	
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Detail of ionization history  

gives us power spectrum 

21cm line power spectrum P21(k,µ) 
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CMB B-mode polarization	

l Fisher matrices	
By Planck (ESA),  PolarBEAR (USA,Japan), CMPpol (USA)	



Running and Running of 
Running	
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Kohri, Oyama, Sekiguchi, T.Takahashi (2013)	

  
α

s
≡

d lnP
ς

d lnk

  
β

s
≡

dα
s

d lnk

   Δβs 
<O(10−3)

   Δαs 
<O(10−3)

   Δn
s 
<O(10−3)

   Δαs 
<O(10−3)



Sensitivities	
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Kohri, Oyama, T.Takahashi, T.Sekiguchi, 2013	
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Reheating	
l Decay 

l Reheating	
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Future	  constraints	  on	  neutrino	  mass	  
by	  21cm,	  CMB,	  and	  BAO 

39 Oyama, Kohri, Hazumi (2015) in preparation	



Future	  constraints	  on	  neutrino	  hierarchy	  	  
by	  21cm,	  CMB	  and	  BAO 

•  Hierarchy	  parameter 

40 

Oyama, Kohri, Hazumi (2015) in preparation	
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Conclusion	
l Conformal infltion models are attractive in 

terms of both large and small field 
inflations. After Planck’s 2015 data 
release, we found that only the small-field 
models fit the observations 

l  In near future we can discriminate this 
model from others by using new 21cm and 
CMB B-mode polarization observations 



Outstanding issues	
l The trajectory is not so trivial. 

l Tensor to scalar ratio is small (r<<10-20), 
which must not be observed forever 

l A possible large-field preceding 
inflation could occur before the small-
field CW conformal inflation 


